INTRODUCTION
ArrayExpress is an international public repository for microarray data established at the European Bioinformatics Institute (EBI) in 2002 (1) . ArrayExpress supports standards and recommendations developed by the Microarray Gene Expression Data (MGED) society (www.mged.org), including the Minimum Information About a Microarray Experiment (MIAME) (2) and Microarray Gene Expression Mark up Language (MAGE-ML) (3) . Along with Gene Expression Omnibus (4) and CIBEX (5) , it is one of the three repositories recommended by the MGED society (6) for storing data related to publications. The ArrayExpress suite of databases and applications comprises: (i) MIAMExpress, a web-based MIAME supportive data-submission tool; (ii) the ArrayExpress repository that provides public and passwordprotected access to the submitted data; (iii) a query optimized data warehouse containing a curated subset of normalized data; and (iv) Expression Profiler, an integrated online visualization and analysis tool. All the software in the ArrayExpress suite is open source. Here we will focus on describing MIAMExpress, the repository and the data warehouse; Expression Profiler has been reviewed recently (7) .
As the number of journals requiring submission to public repositories is growing, the cost of microarray experiments is falling and as data submission tools are improving, the volume of data in ArrayExpress is growing rapidly. During the last 12 months the ArrayExpress content has grown more than 10-fold (Figure 1a ), and as of November 2004, the repository contains 12 000 hybridizations comprising more than 300 studies from 35 species (Figure 1b) . The majority of studies concern samples from Homo sapiens or Mus musculus. Slightly more than 25% of the experiments have been performed using Affymetrix arrays. Although the majority of experiments study gene expression, there is a growing volume of ChIP on Chip and Comparative Genome Hybridization data in ArrayExpress.
SUBMISSION AND CURATION
There are two major submission routes to ArrayExpress: (i) online via the MIAMExpress data submission tool, and (ii) via a MAGE-ML-based pipeline set-up with an external application or database. Currently, more than a half of all submissions have been submitted online. MIAMExpress is primarily aimed at users with no substantial local bioinformatics support and with no access to a local database providing direct deposition. No prior knowledge of the MIAME guidelines is required, as contextual help on the information required and help on the use of MIAMExpress is provided via links from the web interface. Submitters progress through a series of simple web forms to describe their experiment and upload the data files. MIAMExpress is an open source software that can be customized for use by a single laboratory, or for particular application domains. Examples of customization hosted at the EBI include the toxicology (8) and plant-specific MIAMExpress versions. MIAMExpress is now installed in 35 locations worldwide. Source code and installation information can be found at http://sourceforge.net/projects/miamexpress/.
The ArrayExpress curation team processes each submission before it is loaded into the repository. Submissions are checked for MIAME compliance, accuracy and completeness of biological information provided, as well as for data consistency (e.g. it is checked if submitted data files match the specified array designs). During the curation process, the curation team may contact the submitter if inconsistencies in the data are found. Once the data are successfully loaded into ArrayExpress repository, the experiment is issued an accession number and a password is provided to the submitter if requested. The data in the repository are owned by the submitter, released on the date specified or upon publication in a journal and no changes are made without the submitter's consent. Where array designs are commercially available these are pre-loaded into ArrayExpress by the curators in response to user request. Information on custom-made arrays is submitted as a tab-delimited file containing position information and annotation information.
The ArrayExpress curators work with external databases when setting up a direct data-submission pipeline to ensure that data are MIAME compliant and well formatted. Once a pipeline is established, the submissions are curated at the source database and monitored by ArrayExpress curators. MAGE-ML-based pipelines have been established from 15 external databases, manufacturers or tools, including the Stanford Microarray Database (SMD) (9) , MIDAS at TIGR (10), from externally installed MIAMExpress systems at Cambridge University and the European Molecular Biology Laboratory at Heidelberg, as well as the array manufacturers, Affymetrix and Agilent.
Further data curation is performed when populating the ArrayExpress warehouse from the repository. The curators select data based on their MIAME compliance, presence of normalized data and the quality of the biological annotation. Array designs are additionally annotated to the current version of the sequence databases at the EBI and up-to-date gene annotation, such as InterPro (11) Gene Ontology (GO) terms (12) and gene names are added, while the original array annotation supporting the publication is maintained in the repository.
DATA ACCESS AND QUERY
The highest level of organization in the ArrayExpress repository is the Experiment, which consists of one or more hybridizations, usually linked to a publication. The ArrayExpress query interface provides the ability to query for Experiments, Protocols and Array designs by their various attributes, such as species, authors or array platforms. Once an experiment has been selected the users can examine the description of the samples and protocols by navigating through the experiment, or they can download the data for analysis locally. The data can also be analysed and visualized online using Expression Profiler. Password-protected access to pre-publication data is provided for submitters and reviewers.
The ArrayExpress data warehouse [which is based on the BioMart technology (11)] supports queries on gene attributes, such as gene names, gene function (GO annotations) or information on which family a gene belongs to or the motifs and domains it contains (InterPro terms), and on sample properties. The user can retrieve and visualize the gene expression values for multiple experiments. For example, querying the gene name 'jun' and sample property 'leukemia' retrieves all the experiments that contain data for a gene annotated with this name and that have been studied in experiments described using the term 'leukemia'. A list of genes that match the query is returned. These can be visualized using line plots and data can be selected for further analysis. Links are provided back to the repository where users can access the full annotation and supporting raw data. Experimental data and corresponding array designs selected by the curators on the basis of MIAME compliance, annotation quality and comparability are loaded periodically into the warehouse. A schematic diagram of the software architecture is shown in Figure 2 .
FUTURE
The online submission tool MIAMExpress is being extended to allow a spreadsheet based data batch uploading to facilitate large-scale experiment submissions. A graph-based visualization tool is being added to MIAMExpress and ArrayExpress. The ArrayExpress repository and data warehouse interfaces will be unified. The gene-based query facility in the warehouse will be used as the basis for integrating ArrayExpress into all EBI services more closely, for instance expression data will be accessible from UniProt and Ensembl databases via a Distributed Annotation System (DAS) (http://www.biodas. org) server. As the volume of submissions continues to grow, we expect that the curation phase at the point of submission to the repository will be fully automated and curation efforts will focus on adding value to submitted data made available through the data warehouse. 
